Introduction: Due to the effect of radiation on both the tumor and the surrounding normal tissues, the side effects of radiation in normal tissues are expected. One of the important complications in the head and neck radiotherapy is the doses reached to the larynx and spinal cord of patients with non-laryngeal head and neck tumors. Materials and Methods: In this study, CT scan images of 25 patients with non-laryngeal tumors including; lymph nodes, tongue, oropharynx and nasopharynx were used. A three-field and a four-field treatment planning with and without laryngeal shield in 3D CRT technique were planned for each patient. Subsequently, the values of Dmin, Dmean, Dmax and Dose Volume Histogram from the treatment planning system and NTCP values of spinal cord and larynx were calculated with BIOPLAN and MATLAB software for all patients. Results: Statistical results showed that mean values of doses of larynx in both three and four-field methods were significantly different between with and without shield groups. Comparison of absorbed dose didn't show any difference between the three and four field methods (P>0.05). Using Shield, just the mean and minimum doses of spinal cord decreased in both three and four fields. The NTCP of the spinal cord and larynx by three and four-field methods with shield in the LKB and EUD models significantly are less than that of the three and four fields without shields, and in the four-field method NTCP of larynx is less than three radiation field. Conclusion: The results of this study indicate that there is no significant difference in doses reached to larynx and spinal cord between the treatments techniques, but laryngeal shield reduce dose and NTCP values in larynx considerably.
Introduction
The global incidence of head and neck cancers is about 650,000 cases per year, which accounts for 6% of all cancers. Head and neck cancers include a heterogeneous group of gastrointestinal and upper respiratory tract tumors, paranasal sinuses, salivary glands, and thyroid gland [1, 2] .
Radiation therapy, along with chemotherapy and surgery, plays an important role in the treatment of head and neck tumors. The most common purpose of radiotherapy is to deliver a therapeutic dose to the tumor without damaging the surrounding tissues [3, 4] . The radiotherapy process begins by performing a patient's scan. The radiation oncologist then specifies the treatment volume for purpose of treatment planning. Finally, the patient plan that has been produced by the physicist using treatment planning system (TPS) is transferred to the treatment machine. The importance of all these processes are to ensure accurate treatment of the patient by a proper treatment plan [4] . Over the past two decades, in order to reduce the complications of radiotherapy and increase the therapeutic efficacy, treatment planning techniques have been significantly improved. Today radiotherapy can be done with techniques of 3D CRT, IMRT, VMAT, etc. 3D conformal technique (3D CRT), unlike the conventional treatments uses a computer to determine the precise extent of the tumor. In this technique, the healthy tissue around the tumor receives less doses than tumor tissue due to precise contouring [1] . In the intensity modulated radiation therapy (IMRT) technique, which is a new type of 3D CRT radiotherapy, usually different intensity of x-rays are used to transmit different doses of radiation to small tissue areas simultaneously. In this technique, high doses reach more exactly to the tumor and lower dose to surrounding healthy tissues [5, 6] . The most modern and complex of these modes is volumetric modulated arc therapy (VMAT), which rotates the gantry of the linear accelerator around the patient for a partial or full arc at a constant or variable rate [7] . However 3D CRT is still applied for the treatment of head and neck cancers in most radiotherapy centers regardless of its shortcoming in comparison to the highly modulated techniques [8] .
Radiation therapy of head and neck tumors has a particular complexity due to the location and complications of normal tissues. Anatomy of the patient, the presence of several targets with different prescribed doses, the extent of the treatment area and the presence of a large number of sensitive tissues such as spinal cord, salivary glands, thyroid and larynx are the reason of the difficulty of treating head and neck tumors [2] .
The important complication of radiotherapy in the head and neck, which minimize it from the duties of radiotherapy and medical physicians, are spinal cord and vocal cords injury that have a significant impact on the patients' daily activities and their life expectancy [9, 10] .
Radiation damage to the spinal cord can cause paralysis, numbness, and impairment in the function and control of the bladder and intestine [11, 12] . According to the articles, in order to reduce secondary complications, the highest tolerable spinal cord dose is 45-50 Gy [4, 13] . Loss of speech and voice quality and laryngeal edema is due to unnecessary laryngeal radiation during treatment of head and neck tumors [14] . Therefore, low voice quality was reported between 24-72 months after radiotherapy in patients with non-laryngeal tumors of head and neck with mean laryngeal dose of 56 Gy [15] . It is also recommended to reduce laryngeal edema, the percentage of larynx volume that receives more than 50 Gy is less than 27% and the average larynx dose is kept about 44 Gy [16] .
Since routine treatment of head and neck tumors involves the use of split three-fields technique, including two lateral fields for primary tumor and neck lymph nodes and anterior field for the supraclavicular lymph nodes [17, 18] . But experience has shown that in some patients with a relatively large chest volume with supraclavicular lymph nodes in depth, it seems that the four-field technique with combined photon beams consist of two lateral fields with 6 MV and two opposite supraclavicular fields, anterior and posterior, with 6 and 15 MV beams, respectively would be better. Therefore, in this study, the doses reached to the spinal cord and larynx in nonlaryngeal tumors with three and four fields of 3D CRT technique as well as the effectiveness of laryngeal shield in the above techniques was evaluated. Additionally, the complications of normal tissue of larynx and spinal cord were studied using two models of Lyman-Kutcher-Burman (LKB) and equivalent uniform dose (EUD).
Materials and methods
In this study, CT scan's data of 25 patients with non-laryngeal head and neck tumors was used, including oropharynx, tongue, nasopharynx and lymph nodes tumors referring to the Department of Radiotherapy of Omid Hospital in Urmia. Table 1 shows the demographic and clinical data of patients. For planning of 3D CRT, the Core Plan treatment planning System was used. In this study, after loading CT scans of patients from the software archive into the functional environment, the volume of the tumor (GTV) and the volume of sensitive tissue (OARs) of larynx and spinal cord was prescribed by oncologist and for each patient the total dose of 4400 cGy in 22 sessions was administered for the first stage of treatment. Subsequently, for all CT scan data, the present study includes the three-field method (two lateral opposed and one anterior supraclavicular field) with and without the application of lead shield in the anterior field with 6 MV photon beam and fourfield technique (two lateral cervical fields and two anterior and posterior supraclavicular fields) with and without laryngeal shields with 6 MV photon beam, and posterior field of supraclavicular with the 15 MV beam were designed. The size of the lead shield was varied in each patient based on anatomy of the laryngeal tissue on that patients. The effect of shield on the dose distribution in both three and four-field are shown in Figures 1 and 2 .
In order to distribute the optimal dosage in the irradiated area and prevent the increase in the dose of sensitive organs, especially larynx, in the four-field method, the weighting technique was applied to supraclavicular opposed beams. In this case the dose contribution of AP and PA beams was 1.3 (65%) and 0.7 (35%) respectively. After treatment planning, Dose volume histograms (DVH), minimum Dose, mean Dose and maximum Dose values of spinal cord and larynx were extracted and evaluated for all patients. Also radiobiological coefficients related to normal tissues of larynx and spinal cord in head and neck tumors were extracted from the previous articles and studies depending on the model. Then the normal tissue complication probability (NTCP) was calculated and compared through the BIOPLAN and MATLAB software with LKB and EUD models, respectively. The data were analyzed by means of paired t-test and two factors ANOVA using SPSS.18 software.
Software used to calculate the normal tissue complications probability BIOPLAN software (1.3.3): This software was written by Nahum and Sanchez-Nieto in 2000 [19] . This software calculates the probability of tumor control based on the Poisson model and the probability of normal tissue complications based on the LKB and Relative Seriality models. The LKB model is obtained from the following equation:
In the LKB model, the three parameters TD 50 , m, n are defined for the calculation of NTCP; TD 50 is a dose that has a 50% risk of complication, m is the slope of the sigmoid curve and n is the parameter of the tissue volume effect. Deff is a dose that is uniformly equivalent to the EUD and v i is the fraction of the organ volume that receives D i dose. 
Software related to EUD model
The EUD model was written in 2007 on the basis of the MATLAB. With the EUD model, the tumor control probability and the normal tissue complications probability and EUD (Gy) can be calculated. For EUD model, the DVH obtained from the treatment planning system is presented in the form of a dosevolume chart for which another program is written in MATLAB. The EUD model is obtained using the following equation [26] [27] [28] [29] Eq. 5
The parameters of the EUD model for NTCP include: TD 50 is the tolerance dose for a 50% complication, a is parameter without unit for the normal tissue or tumor and F GH is parameter describing the slope of the response-dose curve [25] . Table 3 lists the parameters for the spinal cord and larynx taken into account their end points in the EUD model. With the parameter a = 1/n gives the same NTCP as the LKB dose volume histogram reduction procedure [26] . 
Results
In this study, the effects of three and four radiation fields in the 3D CRT treatment on Dmin, Dmean, Dmax and NTCP values of sensitive organs of the spinal cord and larynx on the 25 patients with non-laryngeal head and neck tumors were investigated, and the results are presented in the Tables 4 and  5 , respectively. The statistical results showed that there is a significant difference between the mean of Dmin and Dmean of spinal cord in the three and four radiation fields between groups with and without shields with p-value <0.01, Clearly according to Comparison of spinal cord doses in both three and four-field methods with and without shields shows that there is no significant difference between maximum and minimum spinal cord doses, but the Dmean of spinal cord in the four-field method in both cases with and without Shield was more than of three-field method(p>0.05).
According to Table 4 , the mean value of NTCP spinal cord in LKB and EUD models for both three and four fields using Shield was lower, but NTCP values in the four-field with and without shield methods compared to the same three-field method significantly increased with p<0.05 .In the amount of EUD (Gy) (equivalent uniform doses) for the spinal cord in the three and four-field with and without shield, the significance of field and the shield's effect was less than 0.05. Table 5 shows the results of the larynx. To calculate normal tissue complication probability of larynx, two models of LKB and EUD were used with parameters of two papers by Emami et al. and Rancati et al. It should be noted that the present study only refers to the first stage of treatment tumors of the head and neck with a total dose of 4400 cGy with emphasis on sensitive organs. The larynx and spinal cord, are located in the therapeutic field. Because of this, data related to the Emami's article with a dose of 7000 cGy (approximate dosage of steps 1, 2 and 3, for treatment of head and neck tumors). In addition to using the data from this paper, the parameters of calculating NTCP of the Rancati's article, which was limited less than 50Gy to prevent laryngeal edema during treatment, was used.
The mean laryngeal doses in the three-field method with and without shields were 2745.12 ± 937.22 and 4569.60 ± 524.63 cGy, respectively, and in the four-field with and without shields were 2745.9 ± 915.85 and 4643.98 ± 73.54 cGy, respectively, as shown in table 5, the maximum and minimum laryngeal dose also decreased significantly in the use of laryngeal shields (p <0.05), It should be noted that due to the similarity of the results of Dmin, Dmean, Dmax between two treatment planning , the four-field method does not show any superiority to the three-field method in both cases with and without shields for the larynx dose.
The value of normal tissue complication probability for laryngeal tissue with LKB model with Rancati's parameters, in the three-field without and with shield method was equal to 65.42±8.89 and 6.40±8.53 and in the four-field method, 55.81±6.64 and 6 ±7.92, respectively, which has a statistically significant difference between the two groups of without and with shield (p<0.01). As is seen, the NTCP level of larynx between the two techniques has different values and it is higher in the technique of three radiation fields. From the table, not only there is a significant difference in NTCP level between the LKB model with the Emami and Rancati's parameters, but also there is a statistically significant difference between the two groups with and without shields and between the radiation fields. The results of the EUD model with both Emami and Rancati methods for larynx show a significant difference (p <0.05) between the groups with and without shields and the three and four fields groups in the larynx, despite the difference in the calculated value. The amount of NTCP in the larynx without shield is greater than with shield and in three fields more than the four field.
Discussion
To judge and compare between the two treatments, are needed many decisions by a radiotherapist. The physician should consider the delivered dose to the target volume, along with the side effects of radiation to the surrounding healthy tissues. The final decision on treatment planning is usually dependent on the tumor position, the extent of the disease, the physician's preference the estimates of treatment and its complications. The ultimate goal of any treatment is recovery and high quality of life [30] . Radiotherapy treatment plans are generally assessed by evaluating the 3D dose distributions calculated by a treatment planning system by analyzing the dose distribution superimposed on images of the patient anatomy and by examining DVHs, which are 2D representation of 3D dose information, for each organ or tumor volume of interest [31] . The results of this study indicate that the use of shield in the 3D-CRT method reduced the amount of Dmin and Dmean spinal cord to approximately 58% and 12% respectively in both treatment planning. But didn't effect on the Dmax. The Dmin, Dmean and Dmax value of the larynx in the with Shield method were 77%, 40%, and 10% ,respectively less than the without shield in both radiation field, However, there is no significant difference between the therapeutic techniques of three and four fields in the doses reaching the spinal cord and larynx, which can be said that the studied therapeutic fields are not superior to each other; but NTCP values of the larynx and spinal cord showed remarkable results, so that the NTCP level of the larynx in the four-field method with both the LKB and EUD models with Emami and Rancati's parameters was 40% and 16% lower than the three-field method, respectively , while for the spinal cord, the results were in contrast to the larynx; in the four-field method, the NTCP value of the spinal cord was greater than that of the three-field method ,it can be said that the reason for increasing spinal cord NTCP in the four field technique is because of the spinal cord is located underneath the posterior supraclavicular field with the 15 MV beam.
Laryngeal edema should be considered as a recognizable morphological change associated with the defect in swallowing and voice [11, 32] . Feng et al reported a significant correlation between respiratory problems evaluated with video fluoroscopy and mean laryngeal dose [33] . A similar correlation between mean dose of the supraglottic larynx and dysphagia assessed by questionnaires was reported by Jensen et al [34] and Caglar et al [35] with threshold values of approximately 45-50 Gy. Based on the findings of the articles with EUD <30-35 Gy, the G2-G3 laryngeal edema significantly decreased [24] . In this study clearly the mean dose and EUD of the larynx is reduced in the Shielded method. The findings of this study are related to the dose received and the NTCP of the larynx by Rancati et al [24] and Claus et al [36] , with the difference that the IMRT method was also studied in those studies.
In this study, the dose of spinal cord as another sensitive tissue studied, didn't exceed 46 Gy in order to prevent secondary complications, without reducing the dose of PTV from the maximum value. The findings of the study on spinal cord NTCP are consistent with the findings of Kan et al [37] , Boughalia et al [38] and Kam et al [39] .
In the previous studies, the larynx NTCP had not been calculated with the EUD model; therefore, the value of "a" for the laryngeal tissue in the EUD model was calculated from the n = 1/a. The "a" value obtained from the Rancati's parameters was equal to 2.2, compare to 12.5 derived from Emami's parameter ( Table 5 ). The NTCP value from EUD model is more consistent with the LKB model when Rancati's parameters were used for calculation. But the NTCP calculated with the EUD model with Emami's parameter istotally different from the LKB model. There for , the findings from EUD model for larynx require further investigation.
In this study, as shown in Tables 4 and 5, the two LKB and EUD models do not equal in the normal tissue complication probability ,according to a study by Moiseenko et al, the observed variation in NTCP results is rooted in the radiobiological models and their parameters [40] .
Conclusion
In this study, between groups of with and without shield, there is a significant difference between NTCP values and mean dose of larynx and little difference in spinal cord tissue. As a result, it can be said that the change in the number of fields doesn't have much effect on the dose of the sensitive tissues of the spinal cord and larynx in the first stage of treatment, but it can't be ignored its effect on the reduction of NTCP in the four field technique
